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Introduction

Substance/alcohol use disorder is a relapsing brain disor-
der characterized by compulsive use of illicit drugs or alco-
hol in spite of harmful health and social consequences [1]. 
While alcohol use disorder is accepted by societies, illicit 
drug addiction is legally prohibited and more devastating 
socially. The development of addiction consists of three 
main stages: (i) the first use of any substance due to emo-
tional problems or curiosity, (ii) conversion from experi-
mentation to repeated use of a substance, and (iii) lastly 
substance addiction [1, 2]. In many cases, this voluntary use 
of a substance does not continue, whereas some individuals 
cannot stop the use due to various risk factors [2, 3]. Envi-
ronmental and genetic factors influence the stages of the 
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Abstract
Background  The health and social consequences of substance/alcohol use disorders are harmful. Most of the individuals 
cannot stop using them due to more likely their genetic background. The current study aimed both to develop a novel PCR-
RFLP method for genotyping of MAOA rs1465108 and to analyze the effect of MAOA rs1465108 on the risk of alcohol 
(AUD), opioid (OUD) or methamphetamine (MUD) use disorders and on the depressive and anxiety symptoms in a Turkish 
population.
Methods and results  A total of 353 individual with AUD (n = 154), OUD (n = 160) or MUD (n = 39) and 109 healthy sub-
jects were included. The intensity of anxiety and depressive symptoms and craving and opioid withdrawal were measured 
by appropriate scales. Logistic regression analysis revealed no association between MAOA rs1465108 polymorphism and 
substance/alcohol use disorder (p > 0.05). Healthy subjects (3.0) had significantly lower levels of depressive symptoms than 
individuals with OUD (27.0), AUD (21.0) and MUD (25.5) groups. The severity of depressive symptoms was significantly 
higher in OUD as compared to AUD. There was a statistically significant difference between individuals with AUD, OUD 
and MUD in view of the average ages of first use (17, 19 and 20 years, respectively) (p < 0.05).
Conclusions  The results presented here do not support the hypothesis that MAOA rs1465108 is associated with substance/
alcohol use disorders. The intensity of depressive symptoms could be changed according to the abused substance type. A 
novel PCR-RFLP was developed for genotyping of MAOA rs1465108 polymorphism, which could be a better option for 
laboratories without high technology equipment.
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development of substance addiction at different levels. Vari-
ous studies have indicated that genetic factors contribute to 
the transition from experimentation to addiction [4], but not 
to the initiation of substance use. The first use of any sub-
stance is influenced by mainly environmental factors such 
as the accessibility of alcohol and other illicit substances 
[2]. Although it is estimated that genetic contribution to 
substance/alcohol use disorder is approximately 40–60%, 
gene variants can explain only a small part of the inheri-
tance [2, 5, 6]. Hundreds of potential genes that contribute 
to substance/alcohol use disorder have been identified with 
modest effects [7–9]. However, multiple gene variants in 
combination due to the genetic complexity of addiction can 
explain a larger proportion of genetic contribution to sub-
stance/alcohol use disorder [2, 3]. Nonetheless, the specific 
gene variants are largely unknown. Thus, new candidate 
gene variants in addiction-related genes should be identified 
in as diverse populations as possible to determine potential 
biologically causative variants across populations, which 
will allow to improve the treatment of addiction [2]. Vari-
ants of genes encoding metabolic enzymes and molecular 
targets (referred also as substance-specific genes) and those 
of genes playing roles in addiction neurobiology (mono-
amine oxidase and catechol-O-methyl transferase) have 
been accepted as the strongest candidate genetic contribu-
tors [1, 3, 10, 11].

The mesolimbic reward system circuits comprising the 
ventral tegmental area and the basal forebrain and their 
inputs and outputs, and neurotransmitters including norepi-
nephrine, serotonin and dopamine are the key components 
of the positive reinforcing effects of the illicit substances 
[1, 12, 13]. The decreased functioning of monoamines such 
as dopamine and serotonin modulating reward, emotional-
ity and personality traits [3] has been associated with sub-
stance use and a wide range of psychiatric disorders [14]. 
To date, serotonergic and dopaminergic pathway genes have 
been shown to be related with substance/alcohol use disor-
ders (Bauer et al., 2015; Celorrio et al., 2016; Ruzilawati et 
al., 2020). However, the relationship between monoamine 
oxidase genes and addiction to illicit substances including 
opioid has been little studied [10, 15–17]. There has been 
no study examining the effect of the MAOA gene on meth-
amphetamine use.

Monoamine oxidase (MAO) enzyme is a mitochondrial 
enzyme and catalyzes the oxidation of these monoamines. 
Thus, monoamine oxidase A could contribute to the etiol-
ogy of the addiction disorders. There are two types of MAO 
enzyme (MAOA and MAOB) that differ from each other 
in their location and substrate affinity. While monoamine 
oxidase A (MAOA) is localized in dopaminergic neurons 
of the brain, MAOB is expressed most extensively in sero-
tonergic neurons of the brain [18]. On the other hand, both 

of their activities have been linked with behavioral and per-
sonality preferences [19]. MAOA is encoded by the MAOA 
gene which is an X-chromosome-linked (Xp11.23 ~ 11.4) 
gene [3, 20]. Hitherto, there have been case–control studies 
that determined the risks of some MAOA polymorphisms 
such as 30 bp repeat VNTR and rs1137070 in personal traits 
of individuals more extensively with alcohol use disorder 
and to a lesser extend with opioid use disorder in a Chinese 
[10], in a German [21, 22], in a Finnish [23], in a Japanese 
[24], in an Italian [17], in a Caucasian sample [25, 26]. The 
focus of most of these priori studies was the 30 bp repeat 
VNTR polymorphism with contradictory findings. Sun et 
al. (2017) examined the association of MAOA rs1137070 
with opioid use disorders and on gray matter volume [10]. 
However, the link between MAOA rs1465108 and alcohol-, 
opioid-, methamphetamine- use disorders remain unclear. 
MAOA rs1465108 is an intronic variant. Its functional effect 
has not been fully understood yet. However, Chester et al. 
(2015) suggested that low-functioning MAOA due to MAOA 
rs1465108 variation could be linked to negative urgency 
that is linked to a variety of maladaptive outcomes such 
as substance abuse [27]. Thus, the aim of the present study 
was to analyze the effect of MAOA rs1465108 on the risk 
of alcohol/heroin/methamphetamine use disorders as well 
as on the depressive and anxiety symptoms due to the asso-
ciation of these personality traits with MAOA in a Turkish 
population. Additionally, the techniques requiring advanced 
technologies and expensive consumables such as Seque-
nom, MassARRAY iPLEX technology and PCR followed 
by DNA sequencing have been used to genotype MAOA 
rs1465108 polymorphism in literature. However, a PCR-
RFLP method has not been used to determine this polymor-
phism. Therefore, the second aim of the current study was 
to develop a novel PCR-PFLP method for genotyping of 
MAOA rs1465108 for research laboratories with low budget 
in developing countries.

Materials and methods

Case selection

This study comprised a total of 462 individuals. They were 
divided into 4 groups according to their substance use.

Group I (AUD) consisted of 154 Turkish volunteers who 
were admitted to the Alcoholism Clinic in, Department of 
Mental Health and Diseases of Ankara University and in 
AMATEM Clinic of Ankara Training and Research Hospi-
tal for detoxification treatment. International Classification 
of Diseases-10 (ICD-10) diagnostic criteria was used to 
diagnose AUD. Individuals with AUD had also fulfilled the 
DSM-5 criteria. Individuals with substance use disorders 
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(heroin, cocaine, methamphetamine etc.) were not included 
to this group.

Group II (OUD) comprised 160 volunteers with opioid 
use disorder (OUD) according to DSM–5 diagnostic crite-
ria. They were admitted to the AMATEM Clinic for opioid 
maintenance treatment. Individuals with AUD or substance 
use disorder other than heroin were not included, which is 
proved by the urine drug test in AMATEM laboratory.

Group III included 39 individuals with methamphet-
amine use disorder (MUD) who attended to the AMATEM 
Clinic. They included the present study after the urine drug 
test showed that they only use methamphetamine, but not 
other illicit drugs or alcohol.

Group IV (control group) comprised healthy volunteers 
admitted to Blood Donation Center of İbni Sina Hospital 
in Ankara University. They had no diagnosis of current or 
past substance/alcohol addiction, and they were matched to 
subjects in Group I, II and III for smoking habits and gender.

In addition, all subjects in 4 groups were smokers and 
they were ≥ 18 years of age. Individuals with psychiatric ill-
ness (schizophrenia, psychotic disorders, severe depression, 
mental retardation etc.) were not included in none of the 
study groups. Blood samples were collected from all volun-
teers of 4 groups after obtaining the institutional ethics com-
mittee approval (İ03-109-22 in 2022 and I3-220-21 in 2021) 
and samplings were performed according to the principles of 
The Declaration of Helsinki. All subjects signed the written 
informed consent and filled a small questionnaire including 
questions regarding socio-demographic information.

DNA isolation and genotyping of MAOA rs1465108 
polymorphism

Genomic DNA was isolated from 462 individuals’ blood 
samples by Genejet Genomic DNA Purification Kit accord-
ing to the manufacturer’s recommendation (Thermo Fisher 
Scientific, USA). Isolated DNA was stored at -20 °C until 
PCR analysis. All isolated DNA of 462 individuals could 
accurately be genotyped with the novel PCR-RFLP method 
in the present study.

Optimization of novel PCR-RFLP assay for 
genotyping of MAOA rs1465108

In the current study, a novel PCR-RFLP method was 
designed to detect MAOA rs1465108 single nucleotide poly-
morphism (SNP). The designed forward and reverse primers 
were 5’-​T​G​G​T​G​A​C​T​T​G​C​C​T​T​C​A​G​A​C​T-3’ and 5’-​A​C​G​A​
T​T​G​C​C​C​T​A​T​C​A​C​A​G​C​A-3’, respectively. The specificity 
of the novel designed primer pairs was confirmed using the 
Primer-BLAST program. With PCR amplification using the 
Techne Tc 512 PCR instrument (Thermo Fisher Scientific, 

USA), a 684 bp product including a A/G transition polymor-
phism at position 43,678,961 in the intron region (Acces-
sion No. NC_008957.2) of MAOA was yielded.

The PCR in a volume of 25 µl containing 10X PCR buffer 
(AMPLIQON, Denmark), 6.25 mM dNTP (Thermo Fisher 
Scientific, USA), 10 pmol each primer, 1 U Taq DNA poly-
merase (AMPLIQON, Denmark) and 50 ng genomic DNA 
was performed in a thermal cycler. In the initial denatur-
ation step, genomic DNA was denatured at 94 °C for 5 min. 
The amplification cycling protocol was set at 94 °C, 60 °C, 
and 72 °C for 1 min each. A final extension was set at 72 °C 
for 10 min. PCR products (684 bp) were electrophoresed on 
1% agarose gels with ethidium bromide and photographed 
using the Syngene Imaging System (Syngene, UK).

The RFLP (enzyme digestion) was performed in a 
volume of 10  µl containing 5 U HhaI restriction enzyme 
(Thermo Scientific, Lithuania), 10X Tango buffer and 5 µl 
PCR product. This reaction mixture was incubated at 37 °C 
in 1–2 h and then was visualized on 2% agarose gels with 
ethidium bromide and photographed using the Syngene 
Imaging System (Syngene, UK). Individuals with homo-
zygous wild-type allele (A) yielded an uncut fragment 
(684 bp), whereas the G allele (homozygous for the variant 
allele) gave 2 fragments (492 bp and 192 bp). Homozygous 
wild type, heterozygous and homozygous variant genotypes 
of MAOA rs1465108 were verified by direct sequencing 
(Applied Biosystems 3730xl DNA analyzer, USA). Bioin-
formatic analysis was done using the SnapGene software. 
Schematic illustration of the novel PCR-RFLP assay for 
MAOA rs1465108 polymorphism were given in Fig. 1.

Measurement of the intensity of depression, 
anxiety, craving and opioid withdrawal

The individuals of all 4 groups were also asked to com-
plete Beck Depression Inventory-II (BDI-II), Beck Anxiety 
Inventory (BAI), Substance Craving Scale (SCS) to assess 
the intensity of depression, anxiety, and craving, respec-
tively. Opioid withdrawal was evaluated using Clinical 
Opioid Withdrawal Scale (COWS) in only individuals with 
OUD. The validity and reliability of a Turkish version of 
these scales was demonstrated in Turkish individuals previ-
ously [28–31].

Statistical analysis

For statistical analysis, SPSS version 20.0 was used. First, 
the Kolmogorov-Smirnov test was applied to detect whether 
the numerical data were normally distributed or not. While 
the mean, standard deviation, minimum and maximum val-
ues were given for normally distributed numerical data, 
the median and interquartile range (IQR) values were 
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was a correlation between the total scores of measurements. 
p < 0.05 was considered as statistically significant.

Results

Demographics of the subjects

In total 109 controls (101 males and 8 females), 160 indi-
viduals with OUD (143 males and 7 females), 129 individu-
als with AUD (154 males) and 39 individuals with MUD 
(29 males and 10 females) were included in the current 
study. The median ages of the individuals with OUD, AUD, 
MUD and healthy subjects at the time of ascertainment 
were 27, 44, 29 and 34 years. A significant difference was 
found between these groups in view of ages (p = 0.001). Age 
onset of first substance/alcohol use (years) was 17.0 in AUD 
group, 19.0 in OUD group and 20.0 in MUD group and this 
difference between 3 groups was statistically significant 
(p = 0.001). Post hoc test showed statistically significant 
differences in age onset of first substance/alcohol use com-
paring individuals with AUD, OUD and MUD (AUD:OUD, 

given for non-normally distributed numerical data. Num-
bers and percentages were given for all categorical data. 
Genotype and allele frequencies were calculated by direct 
counting, and deviation from the Hardy-Weinberg Equilib-
rium was detected by the chi-square test for only females. 
Since MAOA gene is X-linked, all males have only one 
allele (A or G). Females had all 3 types (AA, AG, or GG) 
of MAOA rs1465108 genotype. Binary logistic regression 
analysis was used to determine the relationship between the 
MAOA rs1465108 and opioid, methamphetamine or alco-
hol dependence. The difference between study groups in 
view of socio-demographic characteristics was determined 
using the chi-square test. The difference between MAOA 
rs1465108 genotypes for females and for all individuals 
and MAOA rs1465108 alleles for males in view of the total 
scores of measurements, age onset of first substance/alcohol 
use, the amount of daily heroin/opioid use etc. was analyzed 
using Kruskal-Wallis test, Mann-Whitney U test, Student’s 
t-test or one-way ANOVA test depending on the normal dis-
tribution of the numerical data. Post-hoc test was also used 
to locate the origin for any significant difference in groups. 
Correlation test was also used to determine whether there 

Fig. 1  Schematic illustration of the novel PCR-RFLP assay for MAOA rs1465108 polymorphism
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There was not a statistically significant difference between 
groups in view of genotype frequencies (p > 0.05). In addi-
tion, there was no deviation from HWE in females of OUD, 
MUD and control groups.

The relationship between the MAOA rs1465108 geno-
types and opioid, methamphetamine or alcohol dependence 
was examined separately for all individuals in groups, males 
and females by binary logistic regression analysis (Table 2). 
None of the MAOA rs1465108 genotypes or alleles were 
found to be associated with opioid, methamphetamine, or 
alcohol dependence (p > 0.05).

Effect of MAOA rs1465108 alleles on the total scores 
of measurements in individuals with OUD

Table 3 showed the effect of MAOA rs1465108 alleles on 
age onset of first heroin use (years), daily amount of heroin 
use (gr/day) as well as on the total scores of measurements 
(BDI-II, BAI, COWS and SCS) in all individuals with OUD 
(n = 160), in males (n = 143) and in females (n = 17). Only 
in females, a trend association was shown between MAOA 
rs1465108 variation and decreased age onset of first heroin 
use (p = 0.06), with a median age onset of first heroin use of 
23.0 years (19.0-30.75 years) for AA + AG genotypes and 
16.0 years (14.0–21.0 years) for GG genotype. This statis-
tically significant difference was not found neither in all 
individuals with OUD (p > 0.05) nor in males with OUD 
(p = 0.492).

When the total scores of BDI-II, BAI, COWS and SCS 
were compared between MAOA rs1465108 alleles, statis-
tically significant differences were not found in none of 
the subgroups (males, females, all individuals) (p > 0.05) 
(Table  3). However, it may be noted that the intensity of 
opioid withdrawal (5.0) and anxiety (32.0) was higher 

p = 0.001, AUD:MUD, p = 0.001). The total scores of BDI-
II and BAI were also compared between individuals with 
AUD, OUD and MUD and controls, and a statistically sig-
nificant difference was found between 4 groups (p = 0.001) 
(Fig.  2). Using post hoc test, we identified exactly which 
groups differ from each other for BDI-II scores (AUD/OUD/
MUD:control, p = 0.001 and AUD:OUD, p = 0.037) and for 
BAI total scores (AUD/OUD/MUD:control, p = 0.001).

The median total scores of BDI-II and BAI for all groups 
were given in Table  1. The correlation between the total 
scores of measurements including BDI-II, BAI, SCS and 
COWS (only in OUD group) and age onset of first sub-
stance use were also analyzed (data not shown). There was a 
significant and positive correlation between the intensity of 
depression and anxiety in individuals with AUD (p = 0.001, 
r2 = + 0.625), with OUD (p = 0.001, r2 = + 0.474), and with 
MUD (p = 0.001, r2 = + 0.681). In individuals with OUD, the 
intensity of depression symptoms was also significantly cor-
related with opioid craving (p = 0.001, r2 = + 0.362). It may 
be noted that age onset of first opioid use was significantly 
and negatively correlated with the amount of daily opioid 
use (gr/day) in individuals with OUD (p < 0.05, r2=-0.189). 
Table 1 also showed the frequencies of some demographic 
parameters such as marital, education and occupation status 
of individuals in all 4 groups of this study.

Frequencies of MAOA rs1465108 genotypes and 
alleles

Genotype and allele frequencies of MAOA rs1465108 poly-
morphism in individuals with AUD, OUD, MUD and in 
control group were shown in Table  2. These frequencies 
were given for total individuals as well as for females and 
males since there is no heterozygous genotype in males. 

Fig. 2  Comparison of the total 
scores of Beck Depression 
Inventory-II (BDI-II) and Beck 
Anxiety Inventory (BAI) in 
healthy subjects and individuals 
with AUD, OUD and MUD.
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allele (24.1 ± 16.5). The total score of SCS was also higher 
in females with AA + AG (20.0 ± 6.44) as compared to those 
with GG (14.4 ± 9.6), but this difference was not statistically 
different (p > 0.05).

Discussion

It has now been accepted that addictive disorders are 
genetically complex traits due to multiple sources such as 
genetic heterogeneity and gene–environment interactions 
[3]. Understanding the genetics of addiction will highlight 
new biologic pathways and, thus, will improve new treat-
ment strategies of substance/alcohol use disorders as well 
as could decrease the numbers of addicted individuals. 
Although some genes have been identified through candi-
date gene association studies and genetic linkage mapping, 
there have not been yet a consensus on specific genes con-
tributing substance use disorder. Thus, the present study was 
designed to contribute literature by investigating the effect 
of MAOA gene on different types of drug addiction, which 
has been analyzed in a limited study [10, 15–17]. Most of 

in females with GG genotype as compared to those with 
AA + AG genotypes (5.0 vs. 2.5; 32.0 vs. 18.0, respectively). 
On the other hand, the intensity of depressive symptoms and 
opioid craving was lower for males with GG than those with 
AA + AG (Table 3).

Effect of MAOA rs1465108 polymorphism on the 
total scores of measurements in individuals with 
MUD

The effect of MAOA rs1465108 polymorphism on the total 
scores of measurements as well as age onset of first meth-
amphetamine use (years), daily amount of methamphet-
amine use (gr/day) was also analyzed in all individuals 
with MUD, in females with MUD and in males with MUD 
(Table  4). However, no significant difference was found 
between MAOA rs1465108 genotypes (p > 0.05). In spite 
of this non-significant association, it may be noted that the 
intensity of anxiety was higher in females having at least 
one A allele (32.6 ± 10.0) had higher than those with G 
allele (23.6 ± 21.9). On the other hand, males with A allele 
(14.7 ± 13.7) had lower score of BAI than those with G 

Table 1  Demographic characteristics of the subjects in all groups
Characte-
ristics

AUD
(n = 154)

OUD
(n = 160)

MUD
(n = 39)

Control
(n = 109)

p-value

Age (years)* 44.0
(34.75-52)

27.0
(25.0–31.0)

29.0
(24.0–34.0)

34.0
(26.5–42.0)

0.001

Weight (kg)* 75.0
(67.0–85.0)

68.0
(60.0-75.25)

65.0
(60.0–73.0)

82.0
(75.0–92.0)

0.001

Height (cm)* 175.0
(170.0-180.0)

174.0
(170.0-180.0)

171.0
(166.0-176.0)

178.0
(173.0-180)

0.005

Age onset (years)* 17.0
(15.0–20.0)

19.0
(17.0–23.0)

20.0
(16.0–27.0)

- 0.001

BDI-II* 21.0
(14.0–29.0)

27.0
(18.0–36.0)

25.5
(19.75–41.5)

3.0
(1.0–8.0)

0.001

BAI* 18.5
(6.5–30.0)

22.5
(12.0–35.0)

20.0
(8.0–35.0)

2.0
(0.0-4.5)

0.001

Marital status n % n % n % n % 0.001
Single 41 26.6 105 65.6 17 43.6 43 39.4
Married 67 43.5 40 25.0 17 43.6 65 59.6
Widow/Divorced 40 25.9 5 3.1 5 12.8 1 0.9
NA 6 3.9 10 6.3 - - - -
Education n % n % n % n % 0.001
Primary 38 24.7 31 19.4 8 20.5 11 10.1
Secondary 3 1.9 78 48.8 13 33.3 18 16.5
High School 63 40.9 37 23.1 16 41.0 59 54.1
Under-graduate 38 24.7 4 2.5 2 5.1 20 18.3
Graduate 6 3.9 0 0.0 0 0.0 1 0.9
NA 6 3.9 10 6.3 0 0.0 0 0.0
Occupation n % n % n % n % 0.001
Not working 62 40.3 70 43.8 22 56.4 11 10.1
Working 76 49.4 80 50.0 17 43.6 98 89.9
NA 9 5.8 10 6.3 0 0.0 0 0.0
*Given as median (IQR), N/A: Not applicable
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that there is a need for new studies with different MAOA 
polymorphisms in different populations. To the best of our 
knowledge, there has been no study examining the associa-
tion of MAOA rs1465108 polymorphism with opioid, meth-
amphetamine, and alcohol use disorders in Caucasians.

MAOA rs1465108 polymorphism is an intronic variant 
(intron 1). Its functional role in gene expression has not 
been established yet. Chester et al. (2015) reported that 
A allele is associated with greater aggression due to the 
increased negative urgency that is one facet of impulsiv-
ity [27]. They hypothesized that the A allele could be the 
low-functioning allele since increased aggression has been 
linked to low functioning the of MAOA gene in both animals 
[36] and human studies [37, 38]. Other studies with MAOA 
rs1465108 polymorphism reported no association with 
autism spectrum disorder [39] and obsessive-compulsive 
disorder [40]. On the other hand, Karmakar et al. (2014) 
found that the MAOA rs1465108 G allele contributes to the 
etiology of attention deficit hyperactivity disorder (ADHD) 
and ADHD-associated conduct disorder in the Han-Chinese 
population. They also reported that the MAOA rs1465108 
G allele did not change the function of the enzyme in silico 
analysis [41]. However, Karmakar et al. (2017) could not 
find this effect of MAOA rs1465108 on ADHD-associated 
behavioral traits including hyperactivity and inattention in 
Indo-Caucasoid boys [42]. In the current study, we could 

these previous studies have focused on MAOA variable-
number of tandem repeat (VNTR) polymorphism in AUD 
[23, 32–35]. As for studies regarding substance use disor-
der, Fite et al. (2019) conducted a study with students and 
they indicated that MAOA VNTR variants influenced the 
polysubstance use with the effect of childhood emotional 
or physical abuse in a sex-specific fashion [16]. Sun et al. 
(2017) observed that MAOA rs1137070 C allele is associ-
ated with heroin addiction in a study with Chinese heroin 
abusers (n = 1035) and healthy controls (n = 2553) [10]. 
Chien et al. (2010) also analyzed the effect of MAOA gene 
on the susceptibility of heroin addiction in Chinese men, but 
with MAOA promoter VNTR polymorphism [15]. In con-
trast to Sun’s study, an association between heroin addic-
tion and MAOA variation was not found in Chien’s study. In 
consistent with Chien et al. (2010), Gerra et al. (2004) could 
not find a difference between Caucasian heroin dependent 
males (n = 104) and healthy volunteers (n = 95) in view of 
the frequencies of MAOA VNTR repeat alleles [17]. How-
ever, they reported that 3-repeat allele (low activity) of the 
MAOA VNTR could contribute to variation in susceptibility 
to aggressiveness and aggressive-criminal behavior. There 
has been no study regarding the relationship between MUD 
and MAOA. According to the few numbers of previous stud-
ies, it is not clear whether MAOA variation has an effect on 
the vulnerability to substance use disorder. Thus, it seems 

Table 2  Genotype and allele frequencies of MAOA rs1465108 polymorphism
Groups Genotypes Alleles HWE p-value

AA
n (%)

AG
n (%)

GG
n (%)

A
n (%)

G
n (%)

AUD
Male
(n = 154)

65 (42.2%) - 89 (57.8%) 130
42%

178
58%

- 0.564**

OUD/ overall sample
(n = 160)

49 (30.6%) 5
(3.1%

106 (66.3%) 103
32%

217
68%

- 0.663*

Male
(n = 143)

46 (32.4%) - 96 (67.6%) 92
32%

192
68%

- 0.844**

Female
(n = 17)

3 (16.7%) 5 (27.8%) 9 (55.6%) 11
31%

25
69%

χ2 = 2.15
p = 0.14

0.554***

MUD/ overall sample
(n = 39)

12 (30.8%) 3
(7.7%)

24 (61.5%) 27
35%

51
65%

- 0.745*

Male
(n = 29)

10 (34.5%) - 19 (65.5%) 20
34%

38
66%

- 0.989**

Female
(n = 10)

2
(20%)

3
(30%)

5
(50%)

7
35%

13
65%

χ2 = 1.16
p = 0.28

0.687***

Control group/ overall sample
(n = 109)

38 (34.9%) 4
(3.7%)

67
(61.5)

80
37%

138
63%

- -

Male
(n = 101)

37 (36.6%) - 64 (63.4%) 74
37%

128
63%

- -

Female
(n = 8)

1 (12.5%) 4 (50.0%) 3 (37.5%) 6
37%

10
63%

χ2 = 0.03
p = 0.85

-

*All individuals with OUD and MUD were compared with overall control group
**Only male individuals with AUD, OUD or MUD were compared with only males of control group
*** Only female individuals with OUD or MUD were compared with only females of control group
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Table 3  Comparison of individuals with OUD according to their MAOA rs1465108 genotypes in view of some parameters related to heroin use
Parameters MAOA rs1465108

Total (n = 160) Males
(n = 143)

Females
(n = 17)

GG
(n = 106)

AA + AG
(n = 54)

GG + AG
(n = 111)

AA
(n = 49)

A
allele
(n = 42)

G
allele
(n = 91)

AA + AG
(n = 8)

GG
(n = 9)

Age onset 
(years)

19.0
(17.0–23.0)

19.5 
(17.0-23.25)

19.0 
(17.0–23.0)

19.0 
(17.0-22.5)

19.0
(16.8–22.0)

20.0
(17.0–23.0)

23.00
(19.00-30.75)

16.00
(14.00–
21.00)

p-value p = 0.854
U = 2454.0
Z=-0.184

p = 0.847
U = 2315.5
Z=-0.193

p = 0.492
U = 1769.5
Z=-0.687

p = 0.06
U = 16.5
Z=-1.880

Heroin use 
(mg/day)

3.0 (1.5-5.0) 2.0 (1.0–5.0) 3.0 (1.5-5.0) 2.0 (1.0-4.5) 2.00 
(1.0-4.25)

3.0
(1.375–4.25)

2.5
(1.625-5.0)

3.0
(1.5-5.0)

p-value p = 0.501
U = 2310.5
Z=-0.672

p = 0.434
U = 2154.0
Z=-0.782

p = 0.525
U = 1762.0
Z=-0.636

p = 0.586
U = 30.5
Z=-0.544

COWS 3.0 (0.0–6.0) 2.5 (0.0–6.0) 3.0 (0.0–6.0) 2.0 (0.0–6.0) 2.5
(0.0–6.0)

3.0
(0.0-5.25)

2.5
(0.25–6.25)

5.0
(1.5-9.0)

p-value p = 0.783
U = 2407.5
Z=-0.275

p = 0.505
U = 2181.0
Z=-0.667

p = 0.968
U = 1882.0
Z=-0.040

p = 0.384
U = 27.0
Z=-0.870

BAI 22.0 
(13.0–35.0)

23.0 (12.0–36.0) 22.0 (13.25–
34.75)

23.5 
(12.0-36.5)

24.0
(10.0–36.0)

21.5
(12.0-34.25)

18
(14.25–47.5)

32.0
(20.0–38.0)

p-value p = 0.663
U = 2318.5
Z=-0.436

p = 0.658
U = 2182.0
Z=-0.443

p = 0.802
U = 1794.5
Z=-0.251

p = 0.289
U = 25.0
Z=-1.060

BDI-II 27.8 ± 12.6 
(0.0–58.0)

26.5 ± 13.9 
(0.0–63.0)

28.4 ± 12.9 
(0.0–63.0)

25.0 ± 12.9 
(0.0–60.0)

25.2 ± 13.3
(0.0–60.0)

27.9 ± 12.7
(0.0–58.0)

33.75 ± 15.64
(19.0–63.0)

26.44 ± 11.8
(9.0–47.0)

p-value t=-0.561
p = 0.576

t=-1.464
p = 0.145

t=-1.153
p = 0.251

t = 1.095
p = 0.291

SCS 17.0 ± 8.0 
(0.0–32.0)

18.3 ± 8.4 
(0.0–32.0)

17.4 ± 8.0 
(0.0–32.0)

17.7 ± 8.6 
(0.0–32.0)

17.5 ± 8.8
(0.0–32.0)

16.9 ± 8.1
(0.0–32.0)

22.6 ± 4.4
(17.0–29.0)

17.22 ± 8.21
(0.0–24.0)

p-value t = 0.943
p = 0.347

t = 0.206
p = 0.837

t = 0.341
p = 0.734

t = 1.657
p = 0.118

Table 4  Comparison of individuals with MUD according to their MAOA rs1465108 alleles in view of some parameters
Parameters MAOA rs1465108

Total
(n = 39)

Male
(n = 29)

Female
(n = 10)

AA + AG
(n = 15)

GG
(n = 24)

AA
(n = 10)

GG
(n = 19)

AA + AG
(n = 5)

GG
(n = 5)

Age onset of first heroin use (years) 19.1 ± 6.5
(12.0–34.0)

23.25 ± 8.03
(13.0–45.0)

19.5 ± 7.65
(12.0–34.0)

24.0 ± 8.7
(13.0–45.0)

18.2 ± 3.7
(13.0–23.0)

20.4 ± 4.1
(17.0–27.0)

p-value t=-1.699
p = 0.098

t=-1.376
p = 0.180

t=-0.891
p = 0.399

Amount of meth/per day (mg) 1.0
(1.0–4.0)

1.5
(1.0–3.0)

1.0
(0.9–4.25)

1.0
(1.0–2.0)

2.0
(1.0–6.0)

2.75
(0.75–4.75)

p-value p = 0.818
U = 165.0
Z=-0.230

p = 0.981
U = 94.5
Z=-0.024

p = 1.00
U = 10.0
Z = 0.00

BAI 20.7 ± 15.0
(0.0–48.0)

24.0 ± 17.3
(0.0–53.0)

14.7 ± 13.7
(0.0–43.0)

24.1 ± 16.5
(0.0–53.0)

32.6 ± 10.0
(20.0–48.0)

23.6 ± 21.9
(4.0–50.0)

p-value t=-0.616
p = 0.542

t=-1.538
p = 0.136

t = 0.836
p = 0.427

BDI-II 12.1 ± 14.1
(0.0–46.0)

30.4 ± 13.5
(8.0–53.0)

22.9 ± 13.5
(0.0–46.0)

30.0 ± 13.6
(10.0–53.0)

32.0 ± 14.8
(11.0–45.0)

31.6 ± 14.7
(8.0–47.0)

p-value t=-0.899
p = 0.375

t=-1.274
p = 0.215

t = 0.043
p = 0.967
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substance type due to their neurobiological effects [49]. 
The underlying mechanisms of this comorbidity has not 
been still understood, but most likely due to the overlap-
ping neurobiological and genetic factors [50]. In one of our 
previous studies, we demonstrated that PDYN gene varia-
tions (rs2281285 and rs2225749) contributes to increase 
the intensity of depressive symptoms. On the other hand, 
in the current study, we could not show the effect of MAOA 
rs1465108 polymorphism on depressive symptoms in indi-
viduals with AUD, OUD or MUD.

The average ages of first alcohol, opioid and metham-
phetamine use were 17, 19 and 20 years, respectively, in 
the current study and this difference between groups was 
statistically significant after post-hoc test. Alcohol use is not 
illegal, and it is easier to get it for teenagers as compared 
to illicit drugs. Thus, the age of first alcohol use could be 
lower than the ages of methamphetamine or opioid use. 
Since methamphetamine use is rapidly increasing in Tur-
key as compared to opioid in recent years, the age of first 
methamphetamine use could be likely higher than the age 
of first opioid use. In addition, there was not a statistically 
significant difference between MAOA rs1465108 genotypes 
in view of the age of first alcohol/substance use. All in all, 
we suggested that the difference between the average ages 
of first alcohol, opioid and methamphetamine use could be 
due to sociocultural factors.

MAOA rs1465108 polymorphism was detected using dif-
ferent techniques such as Sequenom MassARRAY iPLEX 
technology [14, 27, 40], PCR followed by DNA sequenc-
ing [39, 41, 42] so far. These techniques require expensive 
consumables and reagents as well as advanced technologies. 
When compared to these techniques, PCR-RFLP is still a 
fundamental, sensitive, rapid and inexpensive method to 
detect single nucleotide polymorphisms in research labora-
tories in developing countries. Thus, we developed a novel 
PCR-RFLP method to genotype MAOA rs1465108 varia-
tion indefectibly. The reliability of this novel method was 
verified by direct sequencing. Then, it was successfully per-
formed to blood samples of 462 whole blood samples of 
volunteers. Thus, the developed PCR-RFLP method could 
be a good option for laboratories with low budgets.

The major limitation of the current study is the small 
number of females with OUD, AUD and MUD. The fre-
quency of substance/alcohol use was low in Turkish females 
as compared to males due to economic and social factors. 
We believe that our findings regarding inter-individual vari-
ability in the intensity of anxiety and opioid withdrawal 
warrant further investigation in studies with more females 
with substance use disorder from different populations.

In conclusion, the current study investigated the effect of 
MAOA rs1465108 polymorphism on opioid, methamphet-
amine and alcohol use disorders as well as on the intensity 

not show the effect of MAOA rs1465108 variation on opi-
oid, methamphetamine and alcohol use disorders in a Turk-
ish population. These discrepancies among limited previous 
studies including ours indicated that more research is neces-
sary to determine the functional importance of the MAOA 
rs1465108 on addictive disorders in human studies.

Since both MAOA and addictive disorders have been 
linked to personality traits, we also examined whether 
MAOA could contribute to substance/alcohol use by affect-
ing the intensity of depressive and anxiety symptoms. 
However, the results presented here do not support this 
hypothesis in any of the groups using opioid, methamphet-
amine or alcohol. There were also no significant differences 
between MAOA rs1465108 genotypes in view of the total 
scores BDI-II and BAI in the OUD group. However, it may 
be noted that the intensity of opioid withdrawal (5.0) and 
anxiety (32.0) was higher in females with GG genotype as 
compared to those with AA + AG genotypes (5.0 vs. 2.5; 
32.0 vs. 18.0, respectively) in OUD group, but this dif-
ferences between MAOA rs1465108 genotypes were not 
statistically significant due to the small number of female 
individuals in the current study. We believe that our findings 
regarding the effect of MAOA rs1465108 on withdrawal and 
anxiety in females with OUD warrant further investigation 
on a large female group. If this effect could be proven, it 
can be speculated that the G (variant) allele of the MAOA 
rs1465108 may be the low-functioning allele in accordance 
with findings of Karmakar et al. (2014), but contrary to 
suggestion of Chester et al. (2015). On the other hand, the 
intensity of depressive symptoms and opioid craving was 
lower in males with GG than those with AA + AG. The 
different effects of MAOA rs1465108 genotypes on crav-
ing withdrawal, anxiety and depression demonstrated that 
MAOA could function on addictive disorder-related traits in 
a gender-specific fashion.

Consistent with Currie et al. (2005) [43], in the current 
study, the intensity of depressive symptoms was higher 
in individuals with either alcohol or substance (opioid or 
methamphetamine) use disorders as compared to healthy 
subjects. The comorbidity between depression and AUD 
and/or SUD is highly prevalent [43–46]. This comorbidity 
can cause high treatment failures [44, 47]. Our finding dem-
onstrating the positive and significant correlation between 
the intensity of depressive symptoms and opioid craving in 
OUD group supported previous studies. Furthermore, Jor-
dans et al. (2019) reported that psychotherapy improved the 
treatment success in patients with both AUD and depression 
[48]. In addition, in the current study, we showed that the 
severity of depressive symptoms was higher in individuals 
OUD as compared to those with AUD, which is consistent 
with Anand et al. (2019) reporting a significant correlation 
with the intensity of depressive symptoms and the abused 
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of depressive and anxiety symptoms. No relationship was 
found between this polymorphism and substance/alcohol 
use disorder in a Turkish population. In females with OUD, 
a trend association was detected between the age onset of 
first opioid use and MAOA rs1465108 polymorphism. How-
ever, further studies are needed to find out the exact role 
of MAOA rs1465108. In addition, a novel and practical 
PCR-RFLP assay was developed for the determination of 
MAOA rs1465108 polymorphism, which could be a better 
option for research laboratories without high technology 
equipment.
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